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(54) 4,5,6 J-Tetrahydroimidazo[4,5-c]pyridine derivatives 

(57) This invention relates to a 4,5 < 6,7-tetrahydroimidazo[4,5-c]pyrimidine derivative of general formula 



(I) 




^T'which is bonded to the nitrogen atom in the 1- or 3-position, is a hydrogen atom; a linear or 
. -*XZ r C S2S« C -C alkenvl group; or a benzyl group optionally substituted by one or two 
SSSSfi^^^SSKft C-C **L 0 ferine, d) cMonn,. e) brom.ne. f) 

r%^£13&l2S#!£%' ■"- o, branched C,-C. atkyl o, C-C. mm* 
group; C - 7 cycloalkyl group; a phenyl or benzyl group optionally substituted by one 0 r two 
subsLents selected from a) to h) as defined above; or R 3 and R 4 , together with the the carbon atom 

t0 W R hiC a h nd h R Y £ or branched C,-C 4 alky, or C 2 -C 4 a.keny. group; a 

C I? cycloalM ^ or benzyl group optionally substituted by one or two subst.tuents 

se^ctedCm a to h) as defined above; an adamantyl or an adamantanemethyl group; or R. and R 7 . 

the nitrogen atom to which they are attached, form a r 2 
heterocycic ring which may contain one or more other heteroatom selected from 0 and NR 2 wherein K 2 
is as defined above; and 
-R 5 represents a group of formula 



Continued overleaf . 



0 0 

II II 

-C-R 2 , -C-OR 2 , R 2 or -C-NH-R 6 

II 
Y 



wherein R 2 is as defined above but is not a phenyl group when R B is R 2 , and Y represents an oxygen or 
sulphur atom; to the pharmaceutically acceptable and addition salts thereof and to a process for their 
preparation. 
The compounds have anti-viral activity. 
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SPECIFICATION 

4,5,6,7-Tetrahydroimidazo[4,5-c]pyrldlne derivatives 

This invention relates to 4,5.6,7-tetrahydroimidazo[4 5-c]pyridine derivatives, to their prepara- 

•w^s^^ derivatives of 9eneral 

formula (I): 

/ R 7 

(I) 




10 



15 



or branched C,-C4 alkyl o ^ ^ 9™"£- » -Ikvlthio. c) fluorine, d chlorine, e) 

or two substituents selected from a) C,-C 4 alkoxy. b) u 4 aiicyiimo, w 2Q 
20 bromine f) trifluoromethyl, g) nitro and h) methylenoioxy; . c c , keny | 

substituents selected J^^^JSj^Ti which they are attached form . five-, 
Kf i2l£S^ which may ^contain one or more other heteroatom 

30 selected from 0 and NR 2 wherein R 2 is as defined above, and 
— R s represents a group of formula 

-C-R 2 , -C-OR 2 , R 2 or -C-NH-R 9 

II I ■ 35 

35 0 0 Y 

R is as defined above but is not a phenyl group when R 5 is \™*\«* r «* ntS oxygen or 
s R ul hu S r 2tom; and pharmaceutical^ f^j^^B^SSL (.)) are independently 

propyl, n-butyl, sec-butyl or i-butyl group; n-oropyl, i-propyl, n- 

e,h y l,mino<hiocarbonyl or PW*^i~f^L^SLl hydrogen, phenyl (option* 
R. and R, independent!, '^ZtZ^^'"^Z^ I<^ > ring 

66 More pneJab.,. R, end R, '^^^■™^$^S.^<^ 
generated in s/tu by reaction with an activating agent: 



45 



50 



2 
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(IV) 



wherein R„ R 2 , R 3 and R 4 are as defined above and R 8 represents a linear or branched C,-C 4 
alkyl or C 2 -C 4 alkenyl group, a C 3 -C 7 cycloalkyl group, a benzyl group optionally substituted by 
one or two substituents selected from a) to h) as defined above, or a group of formula 
10 " 10 

C0R 2 

II 
0 

1 5 wherein R 2 is as above defined, with a compound of formula (V) 15 
Re 

/ 

H-N (V) 

20 \ 20 
R7 

wherein R a and R 7 are as defined above, to form a compound of formula (I) in which R 6 
represents a linear or branched C,-C 4 alkyl or C 2 -C 4 alkenyl group, a C 3 -C 7 cycloalkyl group, a 
25 benzyl group optionally substituted by one or two substituents selected from a) to h) as defined 25 
above, or a group of formula 

-COR 2 ; 

II 

30 0 30 

and optionally converting the resultant compound of formula (I) wherein R 5 either represents a 
benzyl group optionally substituted by a p-nitro or p-methoxy group or represents a group of 
formula 

35 35 
-C0R 2 



40 into a compound of formula (I) wherein R s is a hydrogen atom, a group of formula -COR 2 or 40 
-C-NHR 2 

n 

Y 

wherein Y and R 2 are as defined above, by deprotection and subsequent optional reaction with a 
compound of formula R 2 COX or Y » C « N-R 2 wherein R 2 and Y are as defined above and X 
represents a halogen atom, preferably chlorine, bromine or iodine; and optionally converting a 
compound of formula (I) thus obtained into a pharmaceutical^ acceptable acid addition salt 
50 thereof. 50 
Methods to get an amide linkage known to those skilled in the art may be used to obtain the 
desired amides (I) from the compounds (IV) and (V) (see, e.g., Y.S. Klausner and M. Bodansky, 
Synthesis 7972 453; Houben-Weyl, Methoden der Organischen Chemie, Vol. 1 5/II, p.1, 
1974). 

55 For example, the acid (IV) can be dissolved in a dipolar aprotic solvent, preferably anhydrous 55 
dimethylformamide, in an inert atmosphere and treated with a small excess of carbonyl 
diimidazole usually within a temperature range of 25"-100"C until any evolution of carbon 
dioxide has ceased and the imidazolide formation is complete. 
After treating the reaction mixture with the appropriate compound 
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HN (V). 

\ 

R 7 



usually at room temperature, the amide (I) ^"^^ a dipo.ar 

d 7KX°«-" temperas, ft. mixture b treated with ft. .-nine component 



20 



25 



and ft. product (I) can b. eventually ^.^Z^^Seo'ln an autoclave with 



diagram 




CO H „ I^V C0 ° K 



R X 



(JJ) 



(111) 



35 



40 



45 



10 



15 



15 Re 

HN 7 (V), 

\ 7 20 



25 



30 



35 



40 



pound of formula 

R 3 -C-R 4 45 

\\ 

as defined above. When R B represents an , a.kyl ajceny. or fiffifi* ^^4.296 
formu.a (IV) may of the human or 50 

50 (1964). The compounds £^ '^2S£7SX and can be used against RNA viruses in 

SSLIS 323^OT « b ° *— into oral dosage forms 

such as tablets, capsules and the like. composition comprising as active ingredient 

diluent, such as magnesium carbonate magnes urn JSSA^SSUt. low melting wax, 
starch gelatin, tragacanth. methyl cellulose ^^J'^^^ Jading agents, binders, 60 
60 cocoa butter, and the ,lk °J^ may be ""V* 

tablet-disintegrating agents and the m «y n* em P y . f active ingre dients in said 



4 
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glucose to make the solution isotonic. Typically, a dose of 100-2000mg of a compound of the 
invention may be administered per day to a human under treatment. 

The antiviral activity of the compounds of the invention may be demonstrated in standard 
procedures which are more fully described hereinafter. Anti-viral activity of compounds (I) was 
5 assessed both in "in vitro" and "in vivo" tests. 5 
"In vitro" tests were carried out on monolayers of Hep#2 cells infected with herpes simplex 
virus, of BHK 21 cells infected with influenza virus, of dog kidney cells infected with infectious 
canine hepatitis virus (adenovirus), according to the Herrmann's paper disk test on agarized 
medium. The antiviral activity was determined, after either neutral red or tetrazolium staining, as 

10 halos of protection, i.e. as areas free of lysis plaques. The activity index (A.I.) was determined as 10 
the quotient: Activity halo diameter/Cytotoxicity halo diameter. In addition, human amniotic 
cells infected with rhinovirus were treated with scalar dilution of the present compounds in 
liquid medium; the antiviral activity was evaluated by microscopical observation of decreased 
cytopathic effect in comparison with the untreated-infected controls. 

1 5 The A.I. was determined as the quotient: Concentration causing two cross toxicity effects (tox. 1 5 
50%)/Minimal concentration exerting an antiviral activity (MIC). Results for some compounds of 
the present invention are shown in Table I, column 1 . 

In further "in vitro" studies, cytotoxicity was evaluated as the concentration of the drug which 
determines a 50% decrease of cellular growth (T.C.I.D.50), and the activity on infectious virus 

20 production was determined as the dose which reduces by 50% the titre of virus in cellular 20 
cryolysates (I.V.I. D.50). Results are shown in Table I, columns 2 and 1. 

The approximate acute toxicity (LD 50 ) of the compounds of this invention was determined in 
the mouse by a single oral administration of increasing doses and measured on the seventh day 
after treatment. Results are reported in Table I, column 3. 

25 Compounds selected for their low acute toxicity and for the activity shown in the "in vitro" 25 
tests, were studied by "in vivo" tests too, on influenza virus experimental infection in mice. It is 
known that influenza viruses, injected intranasally, induce in mice a pneumonia whose severity 
depends on the inoculum size: high doses cause death, low doses induce lungs lesions whose 
extension can be evaluated by scores. The antiviral activity of the present compounds, injected 

30 according to different schedules, was evaluated by the decrease of lesions and of virus titre in 30 
lungs in comparison with the infected controls. Results for the most active compound (FCE 
20028, Table I, Example 3) orally administered (p.o.), are reported in Tables II and III. 
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TABLE II 



ANTIVIRAL ACTIVITY OF FC£ 20028 ON MICE EXPERIMENTAL INFECTIONS WITH 

INFLUENZA VIRUSES 

(% protection on lung lesions) 



Schedule 


Virus strain 


NO. 

treat. 


Time 
(d.y) 


mg/kg 

p.o. 


inns 

APRS 


■ ru 
11 


A„w 

2 29 


1 


♦1 


200 


37 


44 


67 






100 


47 


37 


23 






50 


66 


34 


nd 


1 


♦2 


200 


33 


26 


39 






100 


36 


29 


41 






50 


32 


26 


nd 


5 




100 


25 


37 


nd 


Reference compounds:. 
UBAVJRIN (VIRAZOLE )z 




1 


♦ 1 


100 


27 


nd 


50 


5 




50, 


41 


nd 


nd 






25 


50 


nd 


33 


IN05IPLEX (VIRUXAN (R) ): 


2 


♦ 1 


400 


nd 


22 


nd 


2 


42 


400 


nd 


26 


nd 



no: not determined 
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TABLE IP 



AN TIVIRAL ACTIVITY OF FCE 2Q02B ON MICE EXPERIMENTAL INFECTIONS WITH 
INFLUENZA V TROS |APR§ STRAlNl 



Schedule 


% Pre 


itection 


No* 
treat. 


Time 
(flay) 


ng/kg 
p.o. 


Lung lesions 


Lung virus titer 


CM CM CM 


+0 
+1 
♦2 


XOO 
100 
100 


61 
58 

35 


99.6 
70 
0 


Reference compound: 

(R) 

INOSIPLEX (V1RUXAN 


): 




2 
2 


40 

* 

*• 


300 

30? 


52 
0 


BO 
0 
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The present invention is illustrated by the following examples: 
EXAMPLE 1 

5-Benzyloxycarbonyl-6~carboxyl-4, 5, 6, 7-tetrahydroimidazo[4, 5-cJpyridine. 
5 To an iced solution of NaOH(38g) in water (290 ml), dioxane (1 00 ml) and 6-carboxy- 5 
4,5,6,7-tetrahydroimidazo[4,5-c]pyridine (78g; see T, Vitali and G. Bertaccini, Gazz. Chim. Ital. 
94, 296 (1964)) are successively added with cooling and stirring. 

Benzyl chloroformate (1 35 ml) is then added dropwise over a period of 6 hours while the pH 
is maintained within the range 8.5 + 10.5. The ice-water bath is removed, the reaction mixture 
10 is allowed to stand overnight and then made strongly alkaline with 10N NaOH. The aqueous 10 
phase is washed with methylene chloride (2 X 200 ml) and then slowly acidified by adding 6N 
HCI dropwise. The white precipitate is washed with water and dried, affording 82 g of the pure 
title compound (m.p. 240°C). 

15 EXAMPLE 2 (386/1 707) 15 

5- Benzyloxycarbonyl-6-(4 '-phenyl- 1 '-piperazinocarbonyl)-4, 5, 6, 7-tetrahydroimidazo[4, 5-c]pyri- 
dine. 

To a suspension of 5-benzyloxycarbonyl-6-carboxyl-4,5,6,7-tetrahydroimidazo[4,5-c]pyridine 
(3.013 g, 10 mmole) in anhydrous dimethyl formamide (30 ml), carbonyldiimidazole (1 .78 g, 

20 1 1 mmole) is added with stirring. After heating at 100°C over a period of 45 minutes, the 20 
reaction mixture is cooled at room temperature. N-phenylpiperazine (1.6 ml) is added, the 
solution is stirred overnight and eventually evaporated to dryness. Water (50 ml) and methylene 
chloride (50 ml) are added to the residue, the aqueous phase is repeatedly extracted and then 
discarded, the organic extracts are dried and evaporated in vacuo. 

25 The foamy residue is crystallized from acetonitrile affording 3 g of the pure title compound 25 
(m.p. 200°C). 

EXAMPLE 3 (FCE 20028) 

6- (4'-phenyl-1'-piperazinocarbonyl)-4,5,6, 7-tetrahydroimidazo[4,5-c]pyridine 

30 A solution of 5-benzyloxycarbonyl-6-(4'-phenyl-1 '-piperazinocarbonyl)-4«5,6,7-tetrahydroimi- 30 
dazo[4,5-c]pyridine (3 g) in methanol (100 ml) is hydrogenated under a pressure of 2 atm of 
hydrogen at 50'C over a period of 2 hours with 10% Pd/C (400 mg). The catalyst is filtered off 
and the filtrate evaporated in vacuo. To the foamy residue, redissolved in methanol (40 ml), 5N 
hydrogen chloride in methanol (4.4 ml) is added and the precipitate collected, washed with 

35 methanol and dried, affording the pure title compound crystallized with 3 mole of HCI (m.p. 35 
215T) in 75% overall yield. 

EXAMPLE 4 (FCE 23715) 

5-Benzyloxycarbonyl-6-adamantylaminocarbonyl-4,5,6,7-tetrahydroimidazo[4,5-c]pyridine. 

40 A mixture of 5-benzyloxycarbonyl-6-carboxyl-4,5,6,7-tetrahydroimidazo[4,5-c]pyridine (10 g), 40 
hydroxybenzotriazole (4.9 g), dicyclohexylcarbodiimide (7.5 g), dimethylaminopyridine (0.2 g), 
anhydrous dimethyl formamide (1 00 ml), is stirred at room temperature for 2 hours. Adamanta- 
namine (5 g) is added, the stirring is maintained for 3 more hours, and the reaction mixture is 
finally allowed to stand for 3 days. The precipitate (dicyclohexylurea) is filtered off, and the 

45 filtrate evaporated to dryness. 45 
To the residue, water (100 ml) and 2N HCI are added, and the aqueous phase is repeatedly 
extracted with CH 2 CI 2 . The organic extracts are dried, and evaporated to dryness. To the residue, 
water (100 ml) and 2N NaOH are added, and the aqueous phase is repeatedly extracted with 
CH 2 CI 2 . The organic extracts are dried, evaporated in vacuo, and the residue crystallized from 

50 absolute ethanol, affording 10 g of the pure title compound (m.p. 222T). 50 

EXAMPLE 5 (FCE 23727) 

5- Benzyloxycarbonyl-6-adamantylmethytaminocarbonyl-4, 5, 6, 7-tetrahydroimidazo[4, 5-c]pyri- 
dine. 

55 Operating as in EXAMPLE 4, but using 1-adamantanemethylamine, the title compound (m.p. 55 
21 6°C) is obtained in 40% overall yield. 

EXAMPLE 6 (FCE 23728) 

6- Adamantylmethylaminocarbonyl-4, 5, 6, 7-tetrahydroimidazo[4 t 5-c]pyridine 

60 Operating as in EXAMPLE 3, but starting from 5-benzyloxycarbonyl-6-adamantylmethylamino- 60 
carbonyl-4,5,6,7-tetrahydroimidazo[4,5-c]pyridine (EXAMPLE 5) and omitting the final treatment 
with hydrochloric acid, the pure title compound (m.p. 157T) is obtained in 80% overall yield. 

EXAMPLE 7 (FCE 21 762) 

6 5 4-Ethyl-5-benzyt-6-carboxamido-4, 5, 6, 7-tetrahydroimidazo[4, 5-c]pyridine 6 5 
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35 



10 



15 



i m u„„,.,ihict;HiiW4. 9 a- see V N Reinhold, Y. Ishikawa, D.B. Melville, 
, Med STf? MB(lSS rWSl (1 ml) and methanol (88 ml), a solution of NaOH (3.2 
J X^^ii mniM^«^^ storing. Propionaldehyde (4.5 ml) is added 
SiSTLS ISlJ^S fluxed overnightFurther propionaldehyde (4.5 m) and 
5 NaOH (3 2 g) areTdded and the mixture is refluxed until no more st.rt.ng material can be 

more start mg mate >r.al can * v fl:3:1 * at eluant system , and the Paulys spray reagent 

toluene/ethanol/ 35* aq. memyiammc rooled and ooured into a v gorously 

for spot visualization on chromatogram^ )ayer . ■ d< 20 

20 stirred mixture of 10% aq. Na 2 C0 3 . lC lL ojom tne organ ic extracts combined, dried 

daao^-c^ 

^oTman^^^ 26 
chromatographed on a sil.ca gal column (MERCK 'O-ZTO ' mew ^ » I » . a ionJSund ara 

1 8 g of the pure title compound (m.p. 1 50 C) as wh.te crystals are cohbcwu ^ Q 

30 

compound (m.p. 202-4X) is obtained in 40% overall yield. 36 
d "3f' • cyampif? hut startino from 5-methyl-6-carboxyl-4,5.6,7-tetrahydroimi- 

the Jure title compound (m.p. 223-5'C) is obtained ,n 60% overall yield. 

60 '°&ZtZ EXAMPLE 2. bu, using ^^P^'fSSS' " 8 " , " , ° C ° mP ° neM 
purX compound (m.p. 170-2-q is obtained in 60% overall yield. 

55 ^^^Stil^t!^^^ cempenen, end omitting ft. 



45 



40% overall yield 

60 Cl t. IM A 4 ( 5,6.7-tetrahydroimidazo[4.5-c]pyridine derivative of general formula (I): 



60 



10 
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wherein 

10 — R v which is bonded to the nitrogen atom in the 1- or 3- position, is a hydrogen atom; a 10 
linear or branched C,-C 4 alkyl or C 2 -C 4 alkenyl group; or a benzyl group optionally substituted 
by one or two substituents selected from a) C,-C A alkoxy, b) C,-C 4 alkylthio, c) fluorine, d) 
chlorine, e) bromine, f) trifluoromethyl, g) nitro, and h) methylendioxy; 

— R 2 , R 3 and R 4 are independently hydrogen; a linear or branched C,-C 4 alkyl or C 2 -C 4 alkenyl 
1 5 group; a C 3 -C 7 cycloalkyl group; a phenyl or benzyl group optionally substituted by one or two 1 5 
substituents selected from a) to h) as defined above; or R 3 and R 4 , together with the the carbon 
atom to which they are attached, form a C 3 -C 7 ring; 

— R B and R 7 are independently hydrogen; a linear or branched C,-C 4 alkyl or C 2 -C 4 alkenyl 
group; a C 3 -C 7 cycloalkyl group; a phenyl or benzyl group optionally substituted by one or two 

20 substituents selected from a) to h) as defined above; an adamantyl or an adamantanemethyl 20 
group; or R 6 and R 7 , together with the nitrogen atom to which they are attached, for a five-, six- 
or seven membered heterocyclic ring which may contain one or more other heteroatom selected 
from 0 and NR 2 wherein R 2 is as defined above; and 
— R 6 represents a group of formula 

25 25 
0 0 

II II 
-C-R 2 , -C-0R 2 , R 2 or -C-NH-R 6 

30 Y 30 

wherein R 2 is as defined above but is not a phenyl group when R 5 is R 2 , and Y represents an 
oxygen or sulphur atom; 

and pharmaceutical^ acceptable acid addition salts thereof. 

35 2. A compound according to claim 1 wherein R, and R 2 independently represent a hydrogen 35 
atom or a methyl ethyl, n-propyl, i-propyl, n-butyl, sec-butyl or i-butyl group; 
R 3 and R 4 independently represent a hydrogen atom or a methyl, ethyl, n-propyl, i-propyl, n- 
butyl, sec-butyl, i-butyl, phenyl (optionally para-substituted by a methoxy or nitro group) group 
or, taken together, represent a cyclohexane or cyclopentane ring; 

40 R 5 represents a hydrogen atom or a methyl, ethyl, n-propyl, i-propyl, n-butyl, sec-butyl, i-butyl, 40 
benzyl or benzyloxycarbonyl (either optionally being para-substituted by a methoxy or nitro 
group), benzoyl, butyryl, acetyl, propionyl, allyloxycarbonyl, methoxycarbonyl, ethoxycarbonyl, 
methylaminocarbonyl, ethylaminocarbonyl, propylaminocarbonyl, methylaminothiocarbonyl, 
ethylaminothiocarbonyl or propylaminothiocarbonyl group; and 

45 R 6 and R 7 independently represent adamantyl, adamantanemethyl, hydrogen, phenyl (optionally 45 
substituted by fluorine, methoxy or trifluoromethyl) or, taken together, form a piperazino ring 
substituted by phenyl, p-methoxyphenyl or p-chlorophenyl or a morpholino ring. 

3. A compound according to claim 1, wherein R, and R 2 represent hydrogen, one of R 3 and 
R 4 represents ethyl or hydrogen and the other represents hydrogen, R 5 represents hydrogen, 

50 methyl, unsubstituted benzyl or benzyloxycarbonyl, and one of R 6 and R 7 represents adamantyl, 50 
adamantanemethyl, unsubstituted phenyl or hydrogen and the other represents hydrogen or R 6 
and R 7 , together with the nitrogen atom to which they are attached, form a piperazino ring 
substituted by phenyl, p-methoxyphenyl or p-chlorophenyl. 

4. A compound according to claim 1 hereinbefore specified in any one of Examples 2 to 12. 

55 5. A compound of formula (I) as defined in claim 1 or a pharmaceutical^ acceptable acid 55 
addition salt thereof for use in a method of treatment of the human or animal body by therapy. 

6. A compound of formula (I) or salt thereof according to claim 5 for use as an antiviral 
agent. 

7. A process for preparing a compound of formula (I) as defined in claim 1 or a 

60 pharmaceutically acceptable acid addition salt thereof, which process comprises reacting a 60 
compound of formula (IV) or a reactive derivative thereof; 




(.IV) 



wherein R, R, R, and R 4 are as defined in claim 1 and R B represents a linear or branched 
C C alkvl or C -C alkenyl group, a C 3 -C 7 cycloalkyl group, a benzyl group optionally 
1 0 suistitS £ one or two slSents selected" from a) to h) as defined in claim 1 . or a group of 1 0 
formula 

-COR 2 

» 1 
15 0 

wherein R 2 is as defined above, with a compound of formula (V) 

R„ 2 

20 / 

H-N (V) 

\ 

R 7 



25 wherein R 6 and R 7 are as defined i-'^ a 
in claim 1 , or a group of formula 



30 -COR 2 ; 

II 

0 



2 



2 



3 s a5an»«^ - »^ 5; S :ra - : 

formula 

-COR 2 

II 

40 0 

into a compound of formula (I) wherein R s is a hydrogen atom, a group of formula -COR 2 or 

-C-NHR 2 
45 H 

wherein Y is as defined in claim 1 and R 2 is as definec . above ^T^X^™* 
pha^maceSJ acceptable'acid addition salt thereof said process be.ng substanfally as 
pharmaceutical^ acceptable carrier or diluent. 



